N ecrotizing soft tissue infections (NSTIs) were first described by Hippocrates: "… when the exciting cause was a trivial accident or a very small wound … the erysipelas would quickly spread widely in all directions. Flesh, sinews, and bones fell away in large quantities …. There were many deaths" (1) . This is not dissimilar to what we see today.
NSTIs are rare. There are approximately 1000 cases per year in the United States or 0.04 cases per 1000 personyears (2) . Trends in the prevalence of NSTI are unclear as the Centers for Disease Control and Prevention stopped surveillance for these infections in 1991 and now tracks only group A Streptococcus infections. But recent literature (3) suggested that they are increasing. NSTI patients require extensive intensive care unit resources. In the United Kingdom between 1995 and 2006, 0.24% of intensive care unit admissions were due to necrotizing fasciitis (4) . The mean intensive care unit stay for patients with NSTI is 21 days with mean hospital stays of 32 days for survivors and 12 days for non-survivors (4) . The total cost of care is significant and ranges from $71,000 to $83,000 (4) . The majority of NSTIs are treated by surgeons in the community, but increasingly these patients are being referred to tertiary care hospitals and burn centers for specialized wound and critical care management.
Mortality from NSTI has decreased little over the last 30 yrs despite improvements in medical care. In the United Kingdom between 1995 and 2006, patients with NSTIs had a mortality of 41.6% (5) . In 67 studies that included 3302 patients from 1980 through 2008, overall mortality was 23.5% (6) . There was only a slight downward trend, from 27.8% to 21.7%, for those studies published from 1980 through 1999 and the studies from 1999 through 2008, respectively (6) . However, a recent review (7) of NSTI from the National Surgical Quality Improvement Program database found a mortality rate of only 12%. Whether this decreased mortality reflects the continued improvements in treatment at tertiary hospitals, which are the primary contributors to the National Surgical Quality Improvement Program database, is unclear. Improvements in outcome continue to require early diagnosis, early and aggressive surgical debridement, administration of appropriate antibiotics, and optimization of underlying medical comorbidities.
NSTIs are known by many different names. A brief review of the history of NSTI illustrates how this confusing no-menclature occurred. Naming was based on clinical features instead of a surgical or pathologic diagnosis. Necrotizing infection of the genital and perineal region was first reported in 1764 by Baurienne (8) . It began being referred to as Fournier's gangrene after a series of five male patients were presented in 1883 and 1884 by the French dermatologist and venereologist Jean Alfred Fournier (9, 10) . The first large-scale description of necrotizing infections came during the American Civil War when a Confederate Army surgeon, Dr. Joseph Jones, reported 2,642 cases with a mortality rate of 46% (11) . In 1926, Brewer and Meleney (12) described a rare postoperative infection that was a slowly progressive, superficial, necrotizing process that they attributed to microaerophilic, nonhemolytic Streptococcus and a hemolytic Staphylococcus aureus. Subsequently, in 1988, Davson et al (13) suggested that cutaneous amebiasis may be the correct cause of Brewer and Meleney's synergistic gangrene. Numerous other terms have been used throughout the years, including hospital gangrene, necrotizing erysipelas, suppurative fasciitis, clostridial gangrene, and gas gangrene. Wilson (14) introduced the term necrotizing fasciitis in 1951 to refer to both gas-forming and non-gas-forming necrotizing infections. Because diagnosis and management require a similar approach, regardless of the anatomical location or depth of involvement, NSTI is now supplanting necrotizing fasciitis as the preferred name, because it encom-passes all forms of this potentially devastating infection.
Classification
Skin and soft tissue infections are classified in numerous ways and often for specific reasons. For purposes of evaluating new therapeutics for the treatment of soft tissue infections, the Food and Drug Administration classifies soft tissue infections into two broad categories: uncomplicated and complicated. Uncomplicated soft tissue infections include superficial infections, such as cellulitis, impetiginous lesions, furuncles, and simple abscesses, that can be treated with surgical incision alone. Complicated soft tissue infections, such as infected ulcers, infected burns, and major abscesses, require significant surgical interventions. Interestingly, NSTI is generally an exclusion criterion for clinical therapeutic trials, so new antibiotics are not usually tested on NSTI. A more useful classification divides soft tissue infections into either nonnecrotizing or necrotizing infections. It is important to differentiate necrotizing infections from nonnecrotizing infections, as necrotizing infections require aggressive surgical management. Necrotizing infections can further be divided into specific types based on anatomy (e.g., Fournier's, Ludwig's angina), depth of involvement (e.g., necrotizing adipositis, fasciitis, or myositis), microbial source of infection (types 1/2/3), or even a combination of microbial source and depth (i.e., clostridial cellulitis, nonclostridial anaerobic cellulitis).
Microbiology
Three basic microbial subtypes have been described. Type 1 infections are polymicrobial in nature and are the most prevalent form of NSTI, occurring in 55% to 75% of NSTIs. Type 2 infections are monomicrobial and are caused by group A Streptococcus. Some authors also consider monomicrobial infections due to community-associated methicillin-resistant Staphylococcus aureus (MRSA) as type 2 (3). Type 3 infections are also monomicrobial and are attributed to Clostridium species or rare virulent microbes, such as Vibrio vulnificus or Aeromonas species (3, 15) .
Type 1 infections are a mix of aerobic and anaerobic bacteria and average 4.4 isolates per specimen (16) . The predominant aerobic isolates are Streptococcus spp., Staphylococcus spp., Enterococcus spp. and Enterobacteriaceae family (Escherichia coli, Acinetobacter spp., Pseudomonas spp., and Klebsiella spp.). Bacteroides spp. are the most common anaerobic organisms. Clostridium spp. are common participants in polymicrobial infections but are not necessarily causative of myonecrosis. Fungal species are occasional pathogens (16, 17) .
Polymicrobial NSTIs tend to occur on the perineum and trunks of immunocompromised patients. Fournier's gangrene is a classic example of polymicrobial NSTI. Diabetes and peripheral vascular disease are common predisposing factors in polymicrobial NSTI (18) . Other predisposing factors include obesity, chronic renal failure, human immunodeficiency virus infection, alcohol abuse, abscess, intravenous (IV) drug use, insect bites, recent surgical incisions, and perforation of the gastrointestinal tract (3, 19, 20) . Interestingly, an inciting event is never identified in 20% to 50% of the patients (17, 21, 22) .
Another example of type 1 NSTI is cervical necrotizing fasciitis. Bacterial penetration into the fascial compartments of the head and neck results in a rapidly progressive gangrenous cellulitis with life-threatening airway obstruction. It is most often associated with an odontogenic infection (78% to 90%), but other causes include trauma, tongue piercing, neoplasm, and other parapharyngeal infections (23) (24) (25) (26) . Both Ludwig's angina (submandibular space infection) and cervical necrotizing fasciitis are usually caused by mouth anaerobes, such as Fusobacterium spp., anaerobic Streptococcus spp., Peptostreptococcus spp., Bacteroides spp., and spirochetes, which are usually susceptible to penicillin and clindamycin.
Type 2 NSTIs are caused by group A Streptococcus (Streptococcus pyogenes) either alone or in association with S. aureus. In up to half of cases, type 2 infections may be accompanied by toxic shock syndrome (27, 28) . In contrast to type 1 NSTI, type 2 NSTI can occur in any age group and without predisposing medical conditions (17) . Predisposing factors include a history of trauma, IV drug use, surgical procedures, childbirth, burns, exposure to a case, and, potentially, nonsteroidal anti-inflammatory drugs (NSAIDs) (29, 30) .
Over the last 10 yrs, MRSA has been increasingly seen as a monomicrobial cause of NSTI. The community-associ-ated MRSA that is overwhelmingly associated with NSTI is clone USA300 containing the Panton-Valentine leukocidin cytotoxin (31) . In some communities, this community-associated MRSA is responsible for Ͼ15% of NSTI (30) . Although community-associated MRSA most commonly causes necrotizing infection of the subcutaneous tissue and skin, more severe invasive diseases, such as necrotizing fasciitis and pyomyositis, are increasingly being reported (31, 32) .
Clostridial infections have been classified by some as type 3 NSTIs (15) . Clostridium spp. are Gram-positive, sporeforming anaerobic rods normally found in soil and the gastrointestinal tract. Clostridial infections are classically associated with trauma or surgery. As surgical technique and wound care have improved, clostridial infections have decreased and are more likely now to be associated with wounds from IV drug abuse (21, 33, 34) . Clostridium perfringens is the cause of 70% to 80% of clostridial infections (35) . Its local and systemic manifestations are due to the production of potent extracellular toxins. Alpha toxin (a phospholipase C) and theta toxin (perfringolysin) are the two most potent proteins causing hemolysis, microvascular thrombosis, and myonecrosis (35) . Alpha toxin directly inhibits myocardial contractility and indirectly induces systemic cytokine expression, which may contribute to the circulatory collapse commonly seen with this infection (35) .
Spontaneous gas gangrene is a rare clostridial infection caused by the hematogenous spread of Clostridium septicum from the gastrointestinal tract in patients with a perforation from colon cancer or diverticulitis (36) .
Members of the Vibrionaceae family, V. vulnificus and Aeromonas spp., are rare but potentially lethal causes of NSTI. Vibrio vulnificus is endemic to warm coastal waters and raw seafood, whereas Aeromonas spp. are found in fresh or brackish water, soil, or wood (37) (38) (39) . Patients at greatest risk seem to be those with underlying hepatic dysfunction, diabetes, and other immunocompromised conditions (39 -42) .
The clinical signs and symptoms of Vibrio vulnificus and Aeromonas NSTIs are similar. Patients with hemorrhagic bullae, subcutaneous bleeding, purpura, necrosis, and gangrene who present with a fulminating course should raise suspicion of these entities. Clinical history should help differentiate the potential source, as exposure to seawater or shellfish would suggest Vibrio species, whereas exposure to fresh or brackish water, soil, or wood would point to Aeromonas spp. Treatment usually requires aggressive debridement, especially in those patients with hypotensive shock, leukopenia, severe hypoalbuminemia, and underlying chronic illness, especially a combination of hepatic dysfunction and diabetes mellitus (37) . These infections are aggressive, resulting in a high rate of amputation and mortality.
Zygomycosis (most familiar as mucormycosis) is an uncommon but potentially devastating cause of NSTI. The zygomycete fungi are ubiquitous and found in soil, manure, plants, and decaying material (43) . The genera most commonly found in human infections are Mucor, Rhizopus, and Cunninghamella (44) . Cutaneous zygomycosis is associated with trauma and burn wounds and has mortality rates ranging from 38% to 80% (45, 46) . Patients who develop cutaneous zygomycosis from minor breaks in the skin almost always have an underlying disease, causing immunosuppression (43, 47, 48) . Treatment of cutaneous zygomycosis requires aggressive debride-ment, antifungal therapy, and elimination of predisposing factors for infection, such as hyperglycemia, metabolic acidosis, deferoxamine administration, and neutropenia. Deferoxamine, which chelates both iron and aluminum, stimulates fungal growth and promotes tissue invasion (49, 50) .
Clinical presentation
The presentation of NSTI varies widely, ranging from skin and subcutaneous necrosis to life-threatening sepsis with muscle and fascial involvement. Although necrotizing infection leads to massive destruction of tissues, the initial presentation is not always obvious, because it may involve only the deep tissues in the early phases, leaving the overlying skin appearing normal. This makes the diagnosis of NSTI very difficult. It is important to recognize NSTI early, because delay in the diagnosis and treatment is associated with extensive tissue destruction, limb loss, and mortality (28, (51) (52) (53) (54) (55) .
Localized pain may be the earliest symptom of NSTI (53, 54) . Pain out of proportion to the physical appearance should raise the suspicion of NSTI. Other clinical manifestations may be edema be-yond the area of erythema, skin anesthesia, epidermolysis, and bronzing of the skin ( Table 1 , Fig. 1A ). Hemorrhagic bullae, crepitus, foul odor, "dishwater" drainage, and dermal gangrene are late manifestations and are usually associated with systemic sepsis and organ dysfunction (56) . An apparent superficial cellulitis that progresses rapidly, fails to respond to standard therapy, or is associated with evolving systemic signs of sepsis must raise the suspicion of a more extensive underlying infection.
There are multiple risk factors associated with NSTI ( Table 2 ). These include advanced age (Ͼ60 yrs), IV drug use, diabetes mellitus, obesity, malnutrition, congestive heart disease, chronic pulmonary disease, peripheral vascular disease, chronic alcoholism, and immunocompromised states, such as malignancy, steroid use, transplantation, and human immunodeficiency virus infection (56 -58) . Several studies (57, 59, 60) have demonstrated that IV and subcutaneous injection of illicit drugs is the greatest risk factor for NSTI in the urban setting. Thus, soft tissue infection in a patient with a recent history of injection should raise the suspicion of more extensive underlying necrotizing infection. It is also important to note that NSTI do occur in healthy individuals as much as 30% of the time (61) .
The reported sites of soft tissue infections vary depending on the series (56, 57, 61) . The most common site of infection is the extremity, followed by perineum and buttocks, trunk, and head and neck. The cause of NSTI is not always obvious and usually involves tissue damage. The reported etiologies are injection of illicit substances, cutaneous infection or ulceration, postoperative infection, perirectal abscesses, soft tissue trauma, strangu- (57, 62, 63) . The association between NSAIDs and NSTI has also been shown (64 -66) . However, it is unclear whether this link is attributable to the immunomodulatory effect of NSAIDs or is related to the fact that NSAIDs are used by patients with NSTI to suppress fever and pain. Nevertheless, NSAIDs may mask the usual signs of inflammation and thereby delay the diagnosis.
Diagnosis
Early diagnosis of NSTI is difficult because early clinical cutaneous manifestations may not be distinguishable from simple superficial infection. There are several methods proposed for the early diagnosis of NSTI. One such method is the Laboratory Risk Indicator for Necrotizing Fasciitis (LRINEC) score by Wong et al (67) . The score was retrospectively devised based on six common clinical parameters: serum C-reactive protein, white blood cell count, hemoglobin concentration, serum sodium measurement, serum creatinine level, and serum glucose level (Table 3 ). According to the authors, a minimum score of 6 is associated with necrotizing fasciitis, with a positive predictive value of 92% and negative predictive value of 96%. Since the development of the LRINEC score, a few cohort studies attempted to validate its clinical use for the diagnosis of NSTI. In one study, Su et al (68) retrospectively reviewed 209 patients with a confirmed diagnosis of necrotizing fasciitis and showed that only 100 (48%) of 209 had an LRINEC score of Ն6. However, these authors also demonstrated that the group of patients with LRINEC scores of Ն6 had a higher rate of amputation and mortality compared with the group with LRINEC scores of Ͻ6. This study suggests that the LRINEC score is helpful in prognosticating, but not diagnosing, NSTI. In a more recent cohort study of a much smaller scale (n ϭ 28 patients), the LRINEC score was found to have a sensitivity of 80%, specificity of 67%, a positive predictive value of 57%, and a negative predictive value of 86% (69) . The sensitivity and specificity reported here are much smaller than those proposed by Wong et al. Mills et al (7) recently reported that leukocytosis and hyponatremia occur simultaneously in only 22% of patients with NSTI entered in the National Surgical Quality Improvement Program database, suggesting that the sensitivity of these parameters for the detection of NSTI is low. The major drawback of the LRINEC scoring system is that it is derived from retrospective data and is therefore predisposed to selection bias. To date, the LRINEC score has not been prospectively validated and should not be recommended for routine application.
Imaging studies, such as conventional radiographs and computed tomography, are helpful only if there is gas in the tissue (Fig. 1B) . The presence of gas in the tissue, together with a suspicious clinical presentation, is diagnostic of NSTI. However, radiographic detection of subcutaneous emphysema is seen in only 39% of patients with NSTI (70) . A computed tomography scan is very sensitive in detecting inflammatory changes but is not necessarily specific for necrotizing infection. However, a computed tomography scan is helpful in the diagnosis of deep abscesses, especially intramuscular abscesses that otherwise cannot be diagnosed with physical examination. Magnetic resonance imaging with gadolinium contrast enhancement can accurately differentiate between necrotizing infection and nonnecrotizing infection (71) . Unfortunately, the time it takes to obtain a magnetic resonance imaging scan, especially in an unstable septic patient who may be undergoing aggressive resuscitation, cannot be justified. A magnetic resonance imaging scan is not always readily accessible in many facilities. Furthermore, a magnetic resonance imaging scan requires patient compliance and any movement by the patient during the study may render a very time-consuming study noninterpretable, thus delaying the diagnosis and treatment even further.
There has been some suggestion of bedside tissue biopsy for frozen section for the diagnosis of NSTI (72) . The diagnosis is made based on histologic changes that include tissue necrosis, polymorphonuclear infiltration, fibrinous vascular thrombosis, and sometimes microorganisms within the destroyed tissue. Although the reported series shows this method to be reliable, the experience is limited. Furthermore, a pathologist is not always readily available at night for the interpretation of the frozen section, and waiting until the next day is not a viable option.
Aspiration of the fluid for the detection of organisms by Gram-negative stain and cultures has also been suggested (73) . However, the presence of organisms does not necessarily equate to a necrotizing infection and is not as reliable as taking deep tissue samples at the time of surgical exploration. Likewise, failure to obtain fluid is nondiagnostic and does not rule out necrotizing infection. Cultures take too long to make a timely diagnosis of NSTI.
The diagnosis of NSTI, therefore, must be made clinically. The clinical history and a meticulous physical examination are essential to establish an early diagnosis. A clinical history and physical features that fit the above description should raise the suspicion of NSTI and prompt surgical exploration for a more definitive diagnosis and subsequent treatment. 
Management
The management of NSTI requires aggressive resuscitation, IV antibiotics, complete surgical debridement, and supportive care. All aspects of treatment should be started promptly and simultaneously. The single most important aspect of managing NSTI is complete debridement of necrotic and infected tissues. Early operative debridement is the major determinant of outcome (51, 52) . Surgical debridement should never be delayed in hope of restoration of hemodynamic stability before anesthesia induction, because correction of the septic state will not occur until all of the infected and necrotic tissues have been removed.
Surgical management
When NSTI is suspected, surgical exploration is indicated. This involves making an incision over the inflamed and tender area down toward the fascia. A change in the fascia from a tough and shiny white appearance to a dull gray fascia that can be easily separated from the fat with blunt dissection is indicative of necrotizing infection. The classically described brownish-tan "dishwater" fluid weeping from the tissues, if present, is also highly suggestive of NSTI. The underlying muscles should also be closely examined by making an incision in the fascia, whether or not the fascia appears Perineal gangrene often involves the scrotum and perianal skin. Surgical debridement usually involves excision of the scrotal skin and perineal skin extending to the gluteal region. The testicles are usually spared and orchiectomy is rarely required.
After adequate surgical debridement, the patient's hemodynamic status should improve significantly. The patient's wound should be re-explored in the operating room within 24 hrs to evaluate whether the spread of infection has been stopped and if further debridement is required. All newly identified necrotic tissue should be aggressively debrided. In patients whose clinical condition continues to deteriorate, re-exploration should be considered sooner, because there is a very high likelihood that the initial debridement is inadequate or the infection has spread even further. The goal of surgical therapy is complete debridement with the initial operation. However, it is not at all uncommon that multiple debridements are required. In one study (57) , 64% of the patients required at least one other debridement.
Surgical debridement is usually extensive and involves significant blood loss. Therefore, part of the preoperative work-up should include type and cross for red blood cells. Many of these patients are coagulopathic, and efforts should be made to correct the coagulopathy with plasma infusion during surgery to minimize blood loss. Hypothermia should also be avoided, because a large surface area is usually exposed and large areas of skin are excised.
Critical care management
As soon as the diagnosis of NSTI is suspected, immediate fluid resuscitation should begin. Many of these patients are intravascularly depleted and are often in acute renal failure. Aggressive initial fluid resuscitation will help restore intravascular volume, maintain adequate end-organ perfusion and tissue oxygenation, and limit the adverse effects of end-organ failure. The magnitude of resuscitation is dependent on the individual patient's physiologic status and should be targeted to provide adequate perfusion to the organs. For patients who are in shock or who have underlying cardiac or pulmonary disease, consider the use of a central venous catheter or pulmonary arterial catheter to guide fluid management.
The initial IV antibiotic therapy should be broad enough to cover the diverse and various causative agents. Highdose penicillin G or ampicillin should be used to cover for potential Clostridium, Streptococcus, and Peptostreptococcus infections. Penicillin G, if chosen, should be given as 18 -24 million units per day for an adult. Anaerobes such as Bacteroides, Fusobacterium, and Peptostrepto-coccus should also be covered with clindamycin or metronidazole. Clindamycin is also effective in treating group A ␤-hemolytic Streptococcus by suppressing the production of exotoxins (74) . Clindamycin is also the drug of choice for patients allergic to penicillin. Gram-negative coverage can be achieved by adding an aminoglycoside, a third-or fourth-generation cephalosporin, a fluoroquinolone, or a carbapenem. Alternatively, penicillin or ampicillin can be replaced by piperacillintazobactam or ticarcillin-clavulanate to include Gram-negative coverage.
Selection of antimicrobials that inhibit toxin production should be considered in patients with streptococcal, clostridial, and staphylococcal infections, especially those with evidence of rapidly progressive or severe infections. Clindamycin, erythromycin, and linezolid are potential inhibitory agents, provided that the pathogen is sensitive to the antibiotic. Protein cytotoxins play a significant role in the pathogenesis of staphylococcal infections (75) . Phenol-soluble modulin peptides are Staphylococcus-secreted peptides that recruit, activate, and lyse human neutrophils, thus eliminating a main cellular defense against staphylococcal infection (76) . ␤-Lactams actually enhance toxin production, whereas both clindamycin and linezolid inhibit toxin production by suppressing translation but not transcription of S. aureus toxin genes and directly inhibiting synthesis of group A Streptococcus toxins (75) . When patients exhibit signs and symptoms of shock, coagulopathy, and organ failure, antitoxin antimicrobials should be promptly initiated.
Because of the recent increase in the prevalence of community-associated MRSA necrotizing infection, vancomycin or clindamycin should be considered for use in the initial antibiotic regimen in suspected cases. Clinicians should also be aware that there is not only an increase in frequency of MRSA isolates but also a shift of the vancomycin minimum inhibitory concentration. In a study from Houston over a 6-yr period, over a third of MRSA isolates had a minimum inhibitory concentration of Ն1 g/mL, and nearly a third of isolates had a minimum inhibitory concentration of 2 g/mL (77) . Treatment failure rates for MRSA infections with increased minimum inhibitory concentration are increasingly being reported (78, 79) .
The antibiotic recommendation for Vibrio and Aeromonas infections is high-dose combination therapy that includes a cell wall active agent (third-generation cephalosporins, carbapenems, fluoroquinolones) plus either tetracycline or minocycline (protein synthesis inhibitor) (80) .
When invasive zygomycosis has been demonstrated, amphotericin B or equivalent liposomal formulation should be started. The liposomal formulation allows higher dosing with less nephrotoxicity. Echinocandins have no in vitro activity against the zygomycetes (81) (82) (83) . Posaconazole, which is a broad-spectrum oral azole agent with in vitro activity against the zygomycetes, may be considered for combination therapy with amphotericin B or can be used as step-down therapy for patients who have responded to amphotericin B. It is rarely used as salvage therapy for those who do not respond to or cannot tolerate amphotericin B (84 -86) .
Antibiotics should be adjusted as early as possible to only cover the causative agents once they have been identified. The identification of causative agents and their antibiotic susceptibilities is key information obtained at the time of surgical debridement that will guide antimicrobial therapy.
The use of IV immunoglobulin (IVIG) for the treatment of NSTI has also been advocated by some authors. The rationale is that IVIG provides antibodies that can neutralize the circulating streptococcal exotoxins, thus reducing the toxininduced tissue necrosis (87, 88) . In addition, IVIG may also have an effect on the circulating cytokines, thereby controlling the systemic inflammatory response. Although there are some retrospective as well as prospective studies showing a potential benefit in the use of IVIG in NSTI, additional studies are required before it can be recommended for routine use in NSTI (89 -91) .
Hyperbaric oxygen (HBO) therapy has also been proposed as an adjunctive therapy for NSTI. This treatment modality remains controversial, as many studies evaluating the benefit of HBO as an adjunctive therapy in NSTI show conflicting results. A number of small series (92) (93) (94) (95) (96) evaluated the role of HBO as an adjunctive therapy for severe, life-or limbthreatening necrotizing infection. They showed a potential mortality benefit and a decrease in the extent of debridement in patients treated with HBO. In contrast, other similar series (97, 98) reported higher mortality with HBO therapy. In a more recent series, a total of 78 patients with NSTI were reviewed: 48 patients received adjunctive HBO compared with 30 patients who received conventional therapy. These authors did not identify any statistically significant differences in mortality between the two groups. The hospital lengths of stay and durations of antibiotic use were also similar between the two groups. Interestingly, the number of debridements was greater in the HBO group. These authors concluded that adjunctive use of HBO to treat NSTI did not reduce the mortality rate, number of debridements, hospital length of stay, or duration of antibiotic use (99) . To date, there is no randomized, controlled trial evaluating the effect of HBO therapy as an adjunct in the treatment of NSTI in humans.
Supportive care of the patient is extremely important. Nutritional support should be started as soon as the patient can tolerate nourishment. If the patient can take food by mouth, it is the preferred route. If the patient is intubated or is unable to obtain adequate caloric intake orally, enteral feedings via nasogastric or nasoduodenal feeding tube is preferred over parenteral nutrition. When calculating total caloric requirement, a consideration should be given to the fact that these patients will have an increase in caloric and protein demands due to the large protein loss through the open wounds and the hypermetabolic state. Appropriate vitamins, such as vitamins A and C, and minerals like zinc should be given to patients with large open wounds to facilitate wound healing. Rehabilitation should be started as soon as the patient is stable and able to participate. Early mobilization will help minimize pulmonary complications and deconditioning.
Wound management
Once surgical debridement is no longer required, wound care can be done at the patient's bedside. Because these wounds are so extensive, the patients usually require large doses of narcotics for dressing changes. Wound dressing is best done with moist saline gauze. Topical antimicrobial therapy is not necessary and is never a substitute for adequate surgical debridement. Agents like silver nitrate and silver sulfadiazine will alter the appearance of the wound, making it difficult to be examined. Betadine should not be used on an open wound, as it will cause cell damage and inhibit wound healing. Perineal wounds are especially difficult to manage, because soilage of the wound is frequent. However, stool diversion by colostomy is rarely required. Meticulous wound care is all that is required even with the most difficult wounds. When the wound is clean, use of a vacuum wound dressing is an option to facilitate wound granulation.
For the majority of the wounds, closure is achieved with simple splitthickness skin grafts. More complex wounds should be managed in conjunction with the plastic surgery team. Wound coverage should be done when the patient is medically stable and the wound is free from infection. It is not necessary to wait for granulation tissue to fill the entire wound bed for splitthickness skin grafts, as the grafts will take as long as there is a clean and vascularized bed that is free from infection. Early coverage of the wound is advantageous in that it will help decrease pain associated with dressing changes and decrease metabolic demands.
For perineal wounds that involve the scrotum, the best cosmetic result can be achieved by delayed primary closure of the wound, if it is small. If the wound is too large for primary closure, it should not be allowed to heal by secondary intention, as this will lead to contracture deformity of the scrotum. Several scrotal reconstruction methods have been described, including musculocutaneous flap and fasciocutaneous flaps from the thigh and the abdomen (100 -102). Direct split-thickness skin grafts over the denuded testicles have also been described to provide good cosmetic and functional outcome, with the additional advantage of being a single-stage operation (103, 104) . A simple and widely used method is placement of the testicles in subcutaneous pockets in the thigh. It is functionally acceptable, but cosmetically suboptimal. Many surgeons use this technique for temporary coverage, which can be revised later with other reconstructive methods (103) .
CONCLUSION
NSTI is an aggressive disease and is associated with significant morbidity and mortality. It is very important to differentiate necrotizing infection from nonnecrotizing infection early, so that necrotizing infection can be aggressively treated to minimize tissue loss, and loss of limb and life. Complete surgical debridement is the key to success. The initial empirical antibiotic therapy should be broad to include coverage for all potential causative agents, and subsequently narrowed once the offending organisms are identified. Adjunctive therapies, such as IVIG and HBO, are not currently recommended for routine use.
